Kainate-type glutamate receptors (KARs) are the third class of ionotropic glutamate receptors whose activation leads to the unique roles in regulating synaptic transmission and circuit functions. In contrast to AMPA receptors (AMPARs), little is known about the mechanism of synaptic localization of KARs. PSD-95, a major scaffold protein of the postsynaptic density, is a candidate molecule that regulates the synaptic KARs. Although PSD-95 was shown to bind directly to KARs subunits, it has not been tested whether PSD-95 regulates synaptic KARs in intact synapses. Using PSD-95 knockout mice, we directly investigated the role of PSD-95 in the KARs-mediated components of synaptic transmission at hippocampal mossy fiber-CA3 synapse, one of the synapses with the highest density of KARs. Mossy fiber EPSCs consist of AMPA receptor (AMPAR)-mediated fast component and KAR-mediated slower component, and the ratio was significantly reduced in PSD-95 knockout mice. The size of KARs-mediated field EPSP reduced in comparison with the size of the fiber volley. Analysis of KARs-mediated miniature EPSCs also suggested reduced synaptic KARs. All the evidence supports critical roles of PSD-95 in regulating synaptic KARs.
Introduction
Excitatory synaptic transmission in the central nervous system is mostly mediated by AMPA-type glutamate receptors (AMPARs) and NMDA-type glutamate receptors (NMDARs). These receptors are known to be concentrated within the postsynaptic density (PSD), an electron dense structure expressed at postsynaptic site (Sheng and Hoogenraad, 2007) . Kainate-type glutamate receptors (KARs) are the least characterized ionotropic glutamate receptors as to their molecular identities of the receptor complex, the detailed subcelluler localization, and their dynamics and the trafficking mechanism (Contractor et al., 2011) . KARs are assembled from combinations of five subunits, GluK1-5, and show heterogenous region-specific distribution in the brain (Monaghan and Cotman, 1982; Wisden and Seeburg, 1993) . In the hippocampus, KARs are most abundantly expressed in the stratum lucidum of CA3 region where mossy fibers terminate (Straub et al., 2011 far. Application of low concentration of kainate, an agonist of KARs, regulates transmitter release in a biphasic fashion at mossy fiber-CA3 synapse (Kamiya and Ozawa, 2000; Lauri et al., 2001; Schmitz et al., 2001 ). In addition, KARs-mediated slow postsynaptic currents are observed under the blockade of AMPARs at mossy fiber-CA3 synapse (Castillo et al., 1997; Vignes and Collingridge, 1997) . On the other hand, stimulation of associational/commissural fiber-CA3 synapse did not elicit any KARs-mediated responses. Although KARs-mediated postsynaptic currents are relatively smaller than those of AMPARs, it is thought that they contribute to the synaptic summation to a large degree because of its slower kinetics (Sachidhanandam et al., 2009) , and therefore critically contributed for the unique roles as "conditional detonator" of the mossy fiber synapse.
In contrast to the case of AMPARs, little is known about mechanisms of synaptic localization of KARs. It has been reported that several molecules directly or indirectly interact with KARs subunits. For instance, PDZ domain-containing proteins GRIP and PICK1 interact with GluK1 and GluK2 (Hirbec et al., 2003) . It is also reported that cadherin/␤-catenin complex indirectly interact with GluK2 (Coussen et al., 2002) . It should be noted that PSD-95, a major scaffold protein in the PSD, was demonstrated to bind directly to GluK2 and GluK5 in biochemical study (Garcia et al., 1998) and the PSD-95 accelerates the recovery from desensitization of GluK2 (Bowie et al., 2003) . Although deletion of PSD-95 reduces synaptic http://dx.doi.org/10.1016/j.neures.2015.12.011 0168-0102/© 2015 Elsevier Ireland Ltd and Japan Neuroscience Society. All rights reserved.
